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Strength and Wear Resistance Requirements of UHMWPE for Load-Bearing Prosthetic Joints
The mechanical and tribological requirements of UHMWPE as load-bearing prosthetic joints are dictated by the biomechanics of each joint. In the hip, UHMWPE is used as acetabular cup with maximum contact stress of 14-16 MPa. 1 In the knee, UHMWPE is used as tibial insert with higher maximum contact stress of 16-28 MPa. 2 In addition to strength requirements to resist deformation and fracture against contact stresses, wear resistance is required against multidirectional articulating motion between UHMWPE and its counter surface in the joints. Multidirectional, but not unidirectional motion has been shown to induce transverse rupture of elongated UHMWPE fibrils, resulting in the wear of UHMWPE bearing surfaces. 3 Wear resistance is an essential requirement because wear particles have long been associated with periprosthetic osteolysis, which leads to loosening and failure of the implants.
Radiation cross-linking is the universally accepted method of increasing wear resistance of UHMWPE bearing surfaces. Increasing radiation dose is used to increase wear resistance but also decreases mechanical strength and toughness. The lowest radiation dose used is for 'conventional' UHMWPE, which receives radiation only for the purpose of sterilization is in the (0-40 kGy) range. There are number of highly cross-linked UHMWPEs (>40 kGy irradiated), which have been developed for higher wear resistance 4 . In total hips, where wear resistance requirements are higher (due to higher frequency of multidirectional motion), about 95% of all joints comprise a highly cross-linked UHMWPE bearing surface 5 in contrast to about 50% of total knee replacements because wear resistance requirements are less stringent (due to higher frequency of unidirectional motion).
Tensile mechanical testing, impact testing and in vitro pin-on-disc wear testing or simulator testing are the most common methods of evaluating UHMWPE formulations in vitro 5 .
Conventional UHMWPE has an ultimate tensile strength (UTS) of 47- UHMWPEs (without distinction of dose at this point) have decreased the incidence of periprosthetic osteolysis 87% over the last decade 10 compared to conventional UHMWPE in total hips.
Our goal here was to develop methods by which therapeutic agents are incorporated into UHMWPE bearing surfaces but not increase any risk associated with their use while adding the benefit of antibacterial properties. However, it is also expected that any changes to the structure of the polymer may result in the compromise of one or more properties. There are UHMWPEs 1 Unpublished data for E1® Biomet with a range of properties that are successfully used in different applications and in different patient populations according to the clinicians' discretion as briefly explained above. Drug eluting UHMWPE with mechanical and tribological properties within the limits of conventional and highly-crosslinked UHMWPEs are expected to perform well as part of fully weight bearing prosthetic joint. Supplementary Figure 1 . SEM Micrograph and 3D reconstructed μ-CT of highlyeccentric, vancomycin eluting UHMWPE at 2 wt%, 4 wt %, 6 wt %, and 10 wt % initial drug content. Scale bar = 20 μm 
Supplemental Figures

Supplementary Figure 9.
Relation between drug polar surface area (PSA) / molecular volume (V) and log of drug elution rate. More polar compounds (PSA/MV > 0.3) had a higher elution rate at earlier time points compared to non-polar compounds (PSA/MV < 0.3). As elution times progressed, the elution rate of more polar drugs dropped more rapidly than the non-polar counterparts. 
ControlPlanktonic
Supplementary Figure 13 . Sonication and reculturing of femur, tibia, meniscus, patella, and explants from control, VTBC, and VPE rabbits. Presence of bacteria in the media after sonication and reculturing for 24 hr was measured as absorbtion at 600 nm (OD600). 1 ml media was used instead of 2.2 uL to ensure the bone, titanium, and RV-PE were all immersed. Using 1 ml instead of 2.2 uL was a worse case scenario because the eluted antibiotics were diluted by ~450 times. 
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